. Geological map showing the regional setting and zonal structure of the Shahewan pluton. Legend: 1. monzogranite; 2. quartz monzonite; 4. Lajimiao gabbro; 5. Danfeng group; 6. Qinling group; 7. Liuling group; 9. Shangdan suture; 10. boundary of petrographic zone. NCB = North China Block, SCB = South China Block; NQB = North Qinling Block; SQB = South Qinling Block. I, II, III and IV show the distribution of the four zonally arranged main rock types discussed in this study.
INTRODUCTION
A group of Mesozoic 212-217 Ma granitoids with plagioclase-mantled alkali feldspar megacrysts are found along a major suture in the Qinling orogenic belt, central China, and constitutes a special granite -quartz monzonite belt (Lu et al. 1996 ). The Shahewan granite -quartz monzonite pluton is a typical example of the intrusions of this belt. Although the rocks are different from the typical Proterozoic rapakivi granites both in age and geological setting (see Rämö & Haapala 1995 , Haapala & Rämö 1999 , they have some textural features typical of rapakivi granites. A preliminary description on their geological setting, age and geochemistry is presented in earlier papers (Lu et al. 1996 , Wang & Lu 1998 . In this article, we discuss petrography and mineral compositions of the rocks of the Shahewan pluton in order to make a more detailed comparison to typical rapakivi granites.
GEOLOGICAL SETTING The Qinling orogenic belt
The NWN-SSE trending Qinling orogenic belt, central China, separates the North China Block from the South China Block (e.g. Mattauer et al. 1985 , Meng & Zhang 1999 Fig. 1) . This belt has a complex tectonic and magmatic history. Researchers agree that the belt was formed by amalgamation of the North and South China blocks, but different models have been presented for the integration history (see Meng & Zhang 1999) . Several investigators have emphasized the role of Paleozoic collision of the two blocks along the Shangdan suture in formation of the Qinling belt and its Paleozoic-Mesozoic igneous suites (e.g. Lerch et al. 1995 , Lu et al. 2000 . The Phanerozoic felsic intrusions are of two main age groups: 345 to 380 Ma and 206 to 220 Ma, and many of them are centered on the Shangdan suture (Meng & Zhang 1999) . Another suture zone, the Mianlue suture, occurs 100-200 km south of the Shangdan suture. By combining various geological, paleomagnetic and geochronological data, Meng and Zhang (1999) constructed a geotectonic model that involved two orogenic episodes in formation of the Qinling belt. Following a middle Paleozoic subduction and collision along the Shangdan suture, rifting in the southern part of the Qinling belt led to opening of an ocean. Closure of this Paleo-Tethyan Qinling Ocean led to Triassic collision along the Mianlue suture and generation of collision-related felsic intrusions largely located along the Shangdan suture. Instead, in a one-orogeny model, the Shahewan pluton and related 206-220 Ma felsic intrusions are regarded as late post-collisional (perhaps even anorogenic) intrusions (see Lu 1996) . In the two-orogeny model they could be interpreted as magmatic arc or collision-related rocks -a possibility that needs further studies.
The Shahewan pluton
The Shahewan pluton is a typical representative of the 206-220 Ma rapakivi-textured intrusions in the Shangdan suture (Fig. 1) . To the north, the pluton is in contact with the Proterozoic Qinling group, Proterozoic -Paleozoic Danfeng group and Caledonian Lajimiao gabbro (402.6±17.4 Ma SmNd mineral isochron, Li et al. 1989) , which all belong to the North China Block. The Qinling group with amphibolite-facies metamorphism is assumed to form the old Precambrian crystalline basement of the belt , Wang et al. 1997 , and the Danfeng group consists predominately of arc volcanic rocks and some possible ophiolite suites. To the south the pluton is in contact with a sandy slate of the Devonian Liuling group. The granite pluton has sharp contact with its wall rocks and has caused contact metamorphism in the Liuling group, forming a hornfels zone 300-1000 m in width. It is ellipsoidal in shape, trends east-west and has an area of 104 km 2 . Enclaves, consisting of fine-grained hornblende diorite and biotite-hornblende quartz diorite, are frequent in the pluton, particularly at the margins. In some of them, alkali feldspar megacrysts, with or without plagioclase mantle, can be observed.
Three ages have been determined for the Shahewan pluton by various methods: 212.1±1.8 Ma by U-Pb on zircon, 213.9±0.5 Ma by Rb-Sr on whole rock, alkali feldspar, apatite and biotite (MSWD=0.17, I Sr =0.705), and 213.2 ±2 Ma by Ar-Ar on biotite . These ages are consistent with the regional geology. For example, the pluton has been reworked neither by late Paleozoic metamorphism (450-350 Ma, You & Suo 1991) nor deformation along the major suture, although many Paleozoic plutons in the suture have been deformed.
PETROGRAPHY
The Shahewan pluton consists of four zonally arranged main rock types ( Fig. 1 ): 1) porphyritic biotite-hornblende monzogranite with about 25 vol% megacrysts, 2) porphyritic biotite-hornblende quartz monzonite with about 10 vol% megacrysts, 3) megacryst-bearing biotite-hornblende quartz monzonite, and 4) medium to coarse-grained porphyritic biotite-hornblende quartz monzonite.
Porphyritic biotite-hornblende monzogranite (with 35-30 vol% plagioclase, 20-25 vol% alkali feldspar, 20-25 vol% quartz, 5-7 vol% biotite, and about 7 vol% hornblende) constitutes the outermost zone of the pluton, especially along its southern margin (Fig. 1) . It is light red and has a porphyritic texture with about 25 vol% alkali feldspar megacrysts (Fig. 2) . The megacrysts are euhedral or ovoidal in shape and about 2 cm x 4 cm in size. Alkali feldspar in the matrix is anhedral. Hornblende, biotite, plagioclase, and quartz are present as inclusions in the alkali feldspar megacrysts and in the matrix.
Porphyritic biotite-hornblende quartz monzonite (with 25-30 vol% plagioclase, 25-30 vol% alka- Lu et al. (1996) Whalen et al. (1987) Vorma (1976) , Rämö and Haapala (1995) , and Salonsaari (1995) .
Fig. 5. Geochemical discrimination diagrams after
li feldspar, 10-15 vol% quartz, 5 vol% biotite, and 7-13 vol% hornblende) occurs in the second zone of the pluton and shows roundish or euhedral alkali feldspar megacryst totalling about 10 vol% ( Fig. 3 ), many of them have plagioclase mantles.
The alkali feldspar megacrysts contain commonly one plagioclase mantle, but some have two or three mantles. The mineral composition and texture of the matrix is similar to that in the porphyritic biotite-hornblende monzogranite. Megacryst-bearing biotite-hornblende quartz monzonite composes the third zone of the pluton. The mineral contents are similar to the second zone except have less than 5 vol% megacrysts (Fig. 4) . Some of the alkali feldspar megacrysts are mantled by plagioclase. The minerals in the groundmass of this rock type are the same as those in the first and second zones.
Medium to coarse-grained porphyritic biotitehornblende quartz monzonite occurs in the fourth zone and is the major rock type of the central part of the pluton. It shows megacrysts of plagioclase and alkali feldspar. Biotite, hornblende, plagioclase, quartz, and alkali feldspar occur in the groundmass. Some of the alkali feldspars have plagioclase mantles.
GEOCHEMISTRY
Chemical analyses of the rocks of the Shahewan pluton are presented in Table 1 . The rocks are metalumious with A/CNK around 0.9. Compared with the typical rapakivi granites of Finland (see Vorma 1976 , Rämö & Haapala 1995 , the rocks (7-9; Yu et al. 1996) Fig. 5 ). They straddle the boundary of A-type granite and ORG (ocean ridge granites) fields (Fig. 5a, b) and the fields of A-type granite and I & S type granites (Fig. 5c, d ). Negative Eu anomaly, which is characteristic for the typical rapakivi granites, does not occur in the Shahewan rocks that have Eu/Eu* values from 0.8 to 0.94. Fig. 6 . Classification of calcic amphiboles with (Na+K) A ≥0.50 (after Leake et al. 1997) , and compositions of amphiboles from the Shahewan pluton.
MINERALOGY
There are three mineral assemblages in the four main rock types of the Shahewan pluton. The first includes early biotite + hornblende + plagioclase + quartz, occurring as inclusions in the alkali feldspar megacrysts. The second assemblage consists of euhedral or ovoidal alkali feldspar megacrysts that occur together with plagioclase megacrysts, and the third assemblage of biotite + hornblende + plagioclase + alkali feldspar + quartz in the groundmass. The accessory minerals are Fe-Ti oxide, titanite, apatite, zircon, rutile, and fluorite.
Hornblende
Hornblende is the main Fe-Mg silicate in the pluton. It occurs in two generations, as inclusions in the alkali feldspar megacrysts and in the groundmass. The hornblende inclusions (less than 1 vol%) in the megacrysts are green to yellowish green. The hornblende in the matrix is euhedral to subhedral with grain size of 0.6 mm x 1.5 mm to 2 mm x 3.5 mm and bluish green to yellowish green in color. This kind of hornblende accounts for 7-13 vol% and contains titanite, apatite, and Fe-Ti oxide as inclusions. The hornblende diorite enclaves contain hornblende aggregates that account for 15-20 vol%.
Most of the hornblende grains in the aggregates are zoned with dark green margins and light green cores. Inclusions in them are titanite, apatite, FeTi oxide, and occasional quartz.
Wet chemical (Yan 1985) and electron microprobe analyses of the hornblendes are given in Table 2 . The wet chemical analyses were calculated to 24 oxygen atoms and the microprobe analyses to 23 oxygen atoms. The Fe 2+ /Fe 3+ ratio was calculated from wet chemical analyses.
From the early generation to the later, the content of SiO 2 in hornblende increases, but K 2 O and Al 2 O 3 decrease. The hornblende of the enclaves has composition close to those in the host rocks. This may suggest that chemical equilibrium was reached between the enclaves and the surrounding magma. According to the amphibole classification of Leake et al. (1997) , all the hornblendes are calcic amphiboles and plot in the magnesiohornblende field (Fig.  6) . The Mg/(Mg+Fe 2+ ) and Fe/(Fe+Mg) are 0.68-0.98 and 0.15-0.36, respectively, showing that the hornblendes are rich in Mg and poor in Fe. Hornblende of the later generation has lower Ti content than hornblende of the earlier generation and enclaves ( Table 2 ). The Ti content of calcic hornblende is not affected by pressure, but it increases with increasing temperature and with decreasing oxygen fugacity (see Spear et al. 1981 ).
The amphibole geothermometer of Helz et al. (1979) Table   Table 3 . Chemical compositions of biotites from the Shahewan pluton (1-6), compared to the biotites of the Shachang rapakivi granite (7-8; Yu et al. 1996) . The analyses: 1-6, biotite of the second generation in the biotite-hornblende quartz monzonite. The analytical methods; 3-6, wet chemical analyses (Yan 1985 (Rieder et al. 1996) .
Fig. 8. Classification of feldspars.
3. The wet chemical analyses are calculated to 12 and the microprobe analyses to 11 oxygen atoms. The Fe 2+ /Fe 3+ ratios of the microprobe analyses were estimated from wet chemical analyses. According to the terminology of Foster (1960) , the biotites belong to Mg-biotites ( Fig. 7) with Fe/ (Fe+Mg) of 0.40-0.42 and Mg/(Mg+Fe 2+ ) of 0.64-0.68. The equilibrium temperature for biotite and hornblende of the second generation is 750-820 o C (Wang & Lu 1998 ).
Plagioclase
Plagioclase occurs in two generations: as inclusions in alkali feldspar megacrysts and, more abundantly, in the groundmass. Some plagioclase is also found as mantles on alkali feldspar megacrycsts. The plagioclase inclusions are partly sericitized, euhedral, and measure 0.25 mm x 0.5 mm to 0.3 mm x 0.7 mm. Most of them have water-clear albite margin and the fresh grains are oligoclase with An about 25 mole%. In the ground- (Table 4 ; Fig. 8 ).
Alkali feldspar
Alkali feldspar is present as megacrysts and in the groundmass. The megacrysts are both ovoidal and euhedral in shape, and their diameter is mostly from 3 cm to 5 cm, in exceptional cases up to 16 cm. The alkali feldspar megacrysts show Carlsbad twinning and perthitic texture. Some of the megacrysts are surrounded by one or, occasionally, two or three oligoclase mantles, measuring from 1 mm to 2 mm in thickness (Figs. 9, 10 ). Both the plagioclase mantle and alkali feldspar megacrysts have inclusions of quartz, Fe-Ti oxide, plagioclase, hornblende, and biotite. The perthitic texture is not as pronounced in the groundmass alkali feldspars as in the megacrysts. The contents of Al 2 O 3 , CaO, and Na 2 O increase and K 2 O decrease from the core of the alkali feldspar megacrysts to their margins and farther to the groundmass alkali feldspar. The Or content is about 95 mole% in the core of the alkali feldspar megacrysts and 84 mole% at the margin. The groundmass alkali feldspar has 74 mole% Or (Table 4) .
Quartz
Quartz also occurs in two generations: as concave and drop-like inclusions in the alkali feldspar megacrysts and as anhedral grains in the groundmass (10-20 vol%). The quartz inclusions are not more than 0.2 mm in diameter. The groundmass quartz is anhedral, measuring mostly from 0.4 mm to 3 mm in diameter. Euhedral large quartz grains, such as in the typical rapakivi granites of Finland (e.g. Vorma, 1971 Vorma, , 1976 , are rare in the Shahewan pluton.
Discussion and conclusions
The classical rapakivi granites of Fennoscandia are characterized by textural, mineralogical and geochemical features that separate them from many other granites. According to Vorma (1976) , the rapakivi texture sensu stricto is characterized by 1) ovoidal shape of the alkali feldspar megacrysts, 2) mantling of part of the ovoids by plagioclase shells, and 3) presence of two generations of alkali feldspar and quartz, the idiomorphic, older quartz having crystallized as high quartz. Rapakivi texture sensu lato involves only the presence of mantled alkali feldspar ovoids. Emphasizing the textural, geochemical and mineralogical characteristics, Haapala and Rämö (1992) redefined the rapakivi granites as "A-type granites characterized by the presence, at least in the larger batholiths, of granite varieties showing the rapakivi texture".
Rapakivi granites are generally Proterozoic, 1.8 to 1.0 Ga in age, but also Archean and Phanerozoic examples are known (Rämö & Haapala 1995 , Haapala & Rämö 1999 . They are generally intracratonic, and mafic underplating, including melting of the deep crust by mantle-derived magmas, is regarded as a possible genetic model (e.g. Bridgwater et al. 1974 , Emslie 1978 , Haapala & Rämö 1990 . However, Wernick et al. (1997) have described a 0.59 Ga arc-related rapakivi granite suite from the Itu Province in southwestern Brazil that overlaps or shortly follows the synorogenic calc-alkaline Braziliano magmatism.
In chemical composition, the rocks of the Shahewan pluton are lower in Si, K, F, Ga, Zr, Y, LREE, Fe/Mg, and K/Na (Table 1) than classical rapakivi granites. In the discrimination diagrams (Fig. 5) , the Shahewan rocks and the classical rapakivi granites are located in different fields. The classical rapakivi granites are A-type granites, but the rocks of the Shahewan straddle on the boundary of A-type granite field. Thus, the chemical composition of the rocks also suggests that the Shahewan pluton is not A-type granite. In addition, the REE patterns with Eu/Eu* from 0.8 to 0.94 (Table 1) differ from those of typical rapakivi granites (see Vorma 1976 , Rämö & Haapala 1995 .
The mafic minerals (biotite, hornblende, and fayalite) of typical rapakivi granites are characterized by a very high Fe content. In the rapakivi granites of Finland, the Fe/(Fe+Mg) value ranges from 0.77 to 0.99 in hornblende and from 0.82 to 1.00 in biotite (Simonen & Vorma 1969 , Haapala 1977 , Salonsaari 1995 , Rieder et al. 1996 . Hornblende and biotite of the Shachang rapakivi granite in China also exhibit high Fe/(Fe+Mg), 0.70-0.78 for hornblende and 0.76-0.92 for biotite (Yu et al. 1996) . The mafic minerals in the Shahewan pluton, however, have much lower Fe/ (Fe+Mg) values, 0.33-0.36 for hornblende and 0.40-0.42 for biotite.
The compositions of hornblende and biotite in granitoid rocks reflect the whole rock composition and the origin of the granitoid. The Fe-enriched mafic minerals are a typical feature of A-type granitoids (Eby 1990 , Fattach & Rahman 1994 . The mafic minerals, biotite and hornblende, of the Shahewan pluton are poor in Fe but rich in Mg (Wang & Lu 1998) . On the basis of the mafic mineral compositions, the Shahewan pluton is not Atype granite. However, its whole rock geochemistry shows some features transitional between Iand A-type granites.
The occurrence of oligoclase-mantled alkali feldspar megacrysts in the Shahewan pluton is a feature typical of rapakivi granites and justifies to use the term rapakivi texture sensu lato (see Vorma 1976) . Other textural features are equivocal. Euhedral quartz crystals are found only locally in the matrix. The relatively late crystallization of quartz is obviously related to the low silica content of the Shahewan granite -quartz monzonite magma (the rocks contain 65 to 68 wt% SiO 2 ). Inclusions of plagioclase, hornblende, biotite, and quartz in the alkali feldspar megacrysts are common in both the Shahewan pluton and classical rapakivi granites, but this feature is not diagnostic of the rapakivi granites.
Taking into account the similarities and different features of the Shahewan granite -quartz monzonite and the classical rapakivi granites, we feel that it is appropriate to regard the Shahewan as a rapakivi-textured granite -quartz monzonite (or as granite -quartz monzonite containing plagioclase-mantled alkali feldspar megacrysts) rather than to include it in true rapakivi granites.
